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EsIpLoyMENT IMPACllS OF DEFENSE FXPENnITURES AND OBLIGA!L!IONS 
By Edward Greenberp 

1. Introduction 

‘The importance of accurately specifying the impacts of mil i tary procurement 

in models of the economy is apparent. One of the poten t ia l ly  most important 

applications of such models i s  t o  generate the responses of the economy t o  

changes in procurement a c t i v i t y  and t o  evaluate the e f f ec t s  of a l ternat ive 

courses of government action designed t o  reduce the economic hardships asso- 

ciated with large and rapid changes i n  mil i tary procurement. An inaccurate 

specification of equations describing the impacts of government actions may 

seriously mislead planners in devising appropriate of fse t t ing  policies.  For 

example, if the major changes i n  defense employment occur a t  the order-lett ing 

stage, rather  than the expenditure or f i n a l  delivery stage, a s  several  models 

suggest, necessary modifications In f i s c a l  and monetary policy may be delayed 

about a year. 

From another point of view the e q i r i c a l  work contained i n  t h i s  paper is 

an attempt t o  include instrumental variables, variables which can be d i rec t ly  

controlled by policy makers, in models designed t o  describe the behavior of the 

economy, as stressed by Orcutt, Ll5J. It will be pointed out that several  of 

the exis t ing models of the economy do not include the appropriate instrumental 

*The author is Assistant Professor of Economics a t  Washington University, 
St. Louis, Missouri. 
sharing his  knowledge of the mili tary procurement process and data sources, 
and for helpful comments on earlier draf t s  of t h i s  paper. 
Barnett a l so  contributed valuable comments on e a r l i e r  version. 
computational and c l e r i c a l  assistance are due t o  M. Smith, F. Hummel, R. Keller, 
and R. Gillon. 
Washington University. 
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variables, making it d i f f i c u l t  t o  consider a l ternat ive courses of action. 

f ac t ,  the whole area of ef fec ts  of govermnt  spending has not been studied 

extensively. 

In 

1 

For the purpose of analyzing the employment impacts of mili tary expendi- 

tures and obligations, the paper proceeds a s  follows: 1) A brief review of 

the process by which a procurement action moves from the budget stage t o  the 

delivery and f i n a l  payments stage i s  presented. Based on t h i s  process, impli- 

cations are drawn about the appropriate variables t o  be entered in to  equations 

describing the impacts on employment of procurement actions. 2) Several 

exis t ing models of the economy, those with f a i r l y  well-developed government 

sectors,  a re  examined i n  the light of 1 )  t o  see i f  they accurately r e f l ec t  the 

process. 

ment impacts of the process i n  two important defense industries.  

section summarizes the paper and points out some important data  and research 

needs . 

3) Bupirical work is  presented which attempts t o  estimate the employ- 

A concluding 

2. - The Military Procurement Process -- and Some Implications 

The discussion which follows br ie f ly  reviews the mil i tary procurement process 

and indicates  the implications of t h i s  process f o r  empirical research designed 

t o  estimate the economic e f fec ts  of procurement actions. 
2 

'The following comment makes the poin t  w e l l :  
t h a t  our main job would be t o  study very closely the detai led timing relat ions 
implici t  i n  already established quantitative measures of the effectiveness of 
monetary and f i s c a l  policy. 
l ished quantitative knowledge existed about (1) the working of the money and 
cred i t  mechanism o r  (2) a large portion of the mechanism through which f i s c a l  
policy works. 
needle i n  a haystack, when no evidence had ever been produced tha t  the  haystack 
contained a needle i n  the  first place." 

"When w e  began our work w e  expected 

We soon realized tha t  no such foundation of estab- 

We found ourselves in the trying posit ion of searching f o r  a 

(1, P . l )  

%ore detai led analysis of t h i s  process may be found i n  [ l O j ,  [lg, and P3j. 
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The process normally begins with the submission of the President's Budget 

i n  January, on which Congressional hearings are held. Later i n  the  year appro- 

pr ia t ions b i l l s  are passed, providing the Department of Defense wi th  authori ty  

t o  spend. During the year the Defense Department incurs obligations; i n  the 

case of procurement, these are generally i n  the form of contracts with private 

industry. To complete the process, expenditures are made as the finished pro- 

ducts a re  delivered. 

To measure impacts on output, employment, o r  income, which stages i n  the 

procurement process are crucial? Subject t o  several  qual i f icat ions discussed 

below it appears that the contract-letting, o r  obligations, stage is most s igni-  

f icant.  A t  this stage the contractor adjusts employment, output, income payments as 

be take8 steps t o  f i l l  the order. 

increased; these are ref lected in GNp.3 Eventually, the product is  completed 

As production is  undertaken inventories are 

and payment i s  received by the firm. A n  important implication of this  descrip- 

t ion,  f o r  the case i n  which production and delivery requires some time, is  that 

the employment and income ef fec ts  are f e l t  pr ior  t o  the expenditure--in some 

cases many laonthe prior.  

As indications that these lead times are s ignif icant ,  it might be noted 

that 27.8q6 of the 1960 t o t a l  of procurement and RDTE was neglotiated in the 

category: 

investment or  extended period of preparation f o r  manufacture." 

"Technical or  specialized supplier requiring substant ia l  i n i t i a l  

1 2 0 ,  p . 2 3 1  

3Conceptually, f o r  nat ional  inconre accounting purposes, work i n  progress, on 
which progress payments have o r  have not been paid, should be included i n  inven- 
tor ies .  
nat ional  income accountants t o  do th is ,  since funds expended on such inventories 
are of ten ref lected in accounts receivable, ra ther  than i n  inventories. 
government s ide of the accounting, however, the amount called "government pur- 
chases of goods and services" i s  on a delivery basis. Progress payments paid 
during production do not appear as purchases u n t i l  f inal  delivery i s  made, a t  
which ti= the t o t a l  expended on the contract is recorded as purchases. 
foregoing refers t o  equipment contracts; construction contracts are  t reated 
somewhat d i f fe ren t ly  . 

Unfortunately, company accounting practices make it d i f f i c u l t  f o r  the 

On the 

The 
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Other evidence is reported hy Weidenbaum, r 2 3 ,  p. 117, who points out t ha t  

the l ag  between ordering and production f o r  r i f l e s ,  destroyers, transport  planes, 

bombers, and j e t  planes i s  two o r  more years. 

Brown [2J supports the view that obligations a f fec t  output. 

w i l l  be discussed more fu l ly  below. 

Empirical work of Ando and 

Their contribution 

Several additional features of the defense industry and the procurement 

process complicate the above description. 

proposals t o  the Defense Department describing projects which might be of i n t e r -  

est  t o  the Department. 

t o  be going on a l l  the time, greater ac t iv i ty  may take place i n  response t o  

information from the Department of Defense regarding i t s  views on national 

securi ty  needs. Information i s  made available t o  the defense industries i n  

various ways, including speeches by of f ic ia l s  in the Department and amounts 

requested i n  the Budget message. 

quantify, the Budget i s  readily available. 

ment has unobligated appropriations i n  various accounts, information on the 

poss ib i l i t y  of future obligations is passed on t o  the industry. Second, i f  

off-the-shelf items are  supplied, the e f fec t  of the government orders depends on 

firms' inventory pol ic ies  and positions. I f  they were overstocked, f o r  example, 

there may be few e f f ec t s  on employment and output u n t i l  inventories are fur ther  

reduced. 

Third, i n  many contracts the typical  procedure i s  f o r  the firm t o  b i l l  the 

government as production takes place. 

no delivery takes place. 

have occurred which are  of some importance: 

has been changed from loo$ t o  8046 and then back t o  100%. 

gest  that the a b i l i t y  of defense firms t o  operate i s  affected by t h e i r  access 

First,defense firms often submit 

While a certain amount of t h i s  type of work i s  l i k e l y  

Though the former i s  f a i r l y  d i f f i c u l t  t o  

Also,  t o  the extent t ha t  the Depart- 

In specialized defense firms t h i s  i s  probably not very important. 

These progress payments are made although 

In the past several years changes i n  progress payments 

the percentage of costs paid monthly 

Peck and Scherer sug- 
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t o  working capi ta l ,  so tha t  amounts received from the government might have an 

independent affect .  Fourth, it is  l i k e l y  tha t  firms do not 

respond completely t o  new contracts of a month-to-month basis,  due perhaps t o  

the high costs of rapid employment change. 

116, p. 162-3J. 

These considerations suggest that  a model designed t o  predict  the impacts 

of changes i n  government procurement actions on employment shauld include among 

the independent variables : 

1. "Announcement" e f fec ts ,  specifically,  budget plans and unobligated 
appropriations. 

2. Expenditures, t o  allow fo r  the importance of working capi ta l .  

3. Obligations, t o  measure the d i rec t  impact of contract l e t t ing .  Several 
lags w i l l  be incorporated t o  capture the poss ib i l i ty  t ha t  firms do not 
respond f u l l y  on a month-to-month basis. 

Additional variables a re  needed t o  capture the e f f ec t s  of two other var i -  

ables: 

empirical work w i l l  r e la te  money w u n t s  of expenditures and obligations t o  em-. 

ployment, changes i n  the price l eve l  w i l l  weaken the relationship.  

of r i s i n g  prices, f o r  example, the same amount of obligations would lead t o  a 

smaller amount of employment. 

price changes and changes i n  the amount of subcontracting. Since the 

I n  a period 

Changes i n  the amount of subcontracting are  important because the Depart- 

ment of Defense budget categories and the SIC employment categories do not 

cover the same industries.  This problem i e  described more f a y  i n  the Appen- 

dix t o  tbie seation; br ie f ly ,  Department of Defense budget categories are con- 

cerned with end items, such a s  a i r c ra f t  o r  ships, while the SIC data are  keyed 

t o  the major product c lass  of individual establishments. The tendency f o r  more 

electronics  equipment t o  be included i n  

of Defense data i n  the "ships" account, 

re f lec ted  in the electronics category. 

ships i s  ref lected i n  the Department 

while i n  the employment data, it i s  

This fac tor  should operate negatively 

. .  
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on employment: 

l e s s  employment i n  shipbuilding establishments, the more electronic  equipment 

is  included i n  the ship. 

variable : 

a given amount of dollars obligated f o r  ships w i l l  lead t o  

4 
I attempt to allow f o r  these a f fec ts  by another 

4. Polynomial i n  t i m e ,  t o  allow f o r  trends i n  subcontracting and price 
changes . 

The use of a trend variable w i l l ,  of course, pick up other smoothly changing 

omitted variables. I n  the present study, changes i n  the amount of procure- 

ment purchased from foreign sources may be one such variable. 

Finally, although I suspect tha t  much of the seasonal var ia t ion i n  the 

monthly employment se r ies  i s  due t o  the seasonality i n  the obligations ser ies ,  

conventional holiday periods and climatic conditions may be s ignif icant .  These 

are allowed f o r  by a s e t  of variables: 

5. 

Ehployment w i l l  be measured by 1) t o t a l  workers, 2) production workers, 

Set of seasonal dummy variables, with January omitted. 
* 

3) production workers times average weekly hours. 

types of adjustments. 

most sensi t ive t o  changes i n  obligations, since adjusting the length of the 

work week is  generally the fastest way t o  increase output. The number of pro- 

duction workers should be more sensit ive t o  obligations than t o t a l  workers, 

since the l a t t e r  includes a large component of managerial and research people, 

who may be more insulated from changes i n  productions. 

t ha t  research personnel a re  involved, the "announcement" variables may exert  

These a l l  r e f l ec t  different  

It is  anticipated tha t  the man-hours variable w i l l  be 

To the extent, however, 

a greater  impact on t o t a l  workers than on production workers. 

'The ef fec ts  of price changes and changes i n  subcontracting a re  
Hitch i n  [7, p. 694J. 

discussed by 
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3. Review of Previous Empirical dork 

The discussion of the previous section leads t o  the conclusion tha t  the  

s t ructure  of the government procurement process i s  such tha t  the prime e f f ec t s  

on employment and output w i l l  be f e l t  some a f t e r  the order o r  obligations stage, 

with secondary e f f ec t s  operating through expenditures and announcements. With 

t ha t  i n  mind, some empirical work i n  which government purchases of goods plays 

an important role  w i l l  be examined; t h i s  work includes four large scale models 

of the economy and two papers which emphasize the importance of obligations. 5 

Two other models were examined, but w i l l  not be reported i n  detail since 

t h e i r  government sectors are not greatly elaborated. 

School Quarterly Economic Model, [gJ, and T. C. Liu's Quarterly Model, [ 111. 

These include the Wharton 

I n  the Klein model, government purchases appears only i n  the ident i ty  f o r  GNP. 

Other possible routes through which defense procurement could flow are  through 

new orders and unfi l led orders. New orders, however, are a function of recent 

sales and price changes, which does not expl ic i ty  allow f o r  a change i n  govern- 

ment procurement action. New orders, along with the rate of capacity oper- 

a t ions,  determines unfi l led orders. Again, there i s  l i t t l e  scope f o r  changes 

in defense spending. 

I n  Liu's model, the relevant variable, government purchases of goods and 

services,  appears ( a f t e r  eliminating an ident i ty)  i n  the equation determining 

the change i n  nonfarm business inventories. I ts  coefficient i s  posit ive,  but 

not significant.  The description of the government spending process iiuggests 

5Several other large-scale models of the economy are  currently being eonstructed. 
Wet Brookings-SSRC model, [ 9 1 ,  i s  close t o  completion, although important 
revisions are  s t i l l  being undertaken a t  t h i s  time. Two others, Wisconsin's 
SSRI [14J and the NPA's PARM, [l31 have not, t o  my knowledge, elaborated a 
gevernment expenditures sector. 
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that the coefficient be negative, since purchases would tend to decrease inven- 

tories. However, since service items, which may have fairly short lags between 

order and delivery, are included, and since there are problems in estimating 

inventories, the relationship may have been obscured. 

I next consider four large-scale models and two other studies which are 

directly concerned with the impacts of the procurement process. 

A. University of Michigan Research Seminar in Quantitative Economics Econometric - - 
Mode - 1 

One of the few econometric models to take into account institutional fac- 

tors of the government procurement process is the model, based on annual data, 

developed at the University of Michigan, [17J. 

change in durable goods inventory is a function of the difference between 

federal military purchases in the following and the current year, as well as 

other variables. 

equation. 

component of inventory "...appears in the national accounts as goods in pro- 

cess, and exerts a strong impact on the economy long before delivery of the 

finished product materializes as government expenditure." 

The equation explaining the 

The variable enters positively and significantly into the 

The rationale for including this variable is that production of this 

[P. U5J. 

This model is thus seen to have recognized the importance of accurately 

specifying lead and 1% structure. 

viewpoints: 

obtain impacts on specific industries. 

impossible to study intrayearly movements which may be of some interest. 

The use of federal military purchases from private industry includes purchases 

of items which are not classified in the durable goods industry. 

the importance of this variable in the inventory equation is an indication of 

It is, however, inadequate from other 

1) The level of aggregation is quite high, making it impossible to 

2) The use of annual data makes it 

3) 

Nevertheless, 
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the gains t o  be realized from an appropriate specification of the lead and lag  

s t ructure  of the process. 

B. Duesenberry-Eckstein-Fromm:Model of the United States Economy During ----- 
Recession 

In t h e i r  very interest ing paper, L21, Professors Duesenberry, Eckstein, 

and From recognize the importance of the order e f fec t ,  par t icular ly  i n  the 

explanation of inventory changes. In constructing the order se r ies ,  however, 

they assume tha t  the lag  between orders and purchases i n  one-quarter. They 

nevertheless are  able t o  s t a t e  t ha t  the "...stimulus of government actions 

worked through orders as much as through actual  expenditures." It would be 

interest ing t o  explore the consequences of a more r e a l i s t i c  specification of 

the lag  between obligations and purchases. 

C. From: "Inventories, Business Cycles, - and Stabil ization" 

In a paper preferred f o r  the Joint Economic Committee, L-67,  Gary From 

s ta tes ,  "...fluctuations i n  government orders and expenditures coupled with 

t h e i r  resul t ing impact on, and the independent variation of,  private business 

investment appear t o  bear the principal responsibil i ty f o r  recent s t a b i l i t y  

d i f f i c u l t i e s  i n  the U. S. economy." L-37_7. 

Although he presents some data t o  support t h i s  view, government orders do 

not exp l i c i t l y  appear, 

l a t e r  section of the paper. 

i n  the econometric model of the economy presented i n  a 

They are included, however, i n  the change i n  

unfi l led orders variable, which enters the inventory change equation. There 

would appear t o  be some d i f f icu l ty ,  though, since the unfi l led orders variable 

i s  essent ia l ly  determined by lagged values of i t s e l f  and current and lagged 

f i n a l  sa les  of goods. Thus, government orders are  present only t o  the extent 

they appear as i n i t i a l  conditions i n  the unfi l led orders equation, and t o  the 

extent they appear i n  the f i n a l  sales of goods, which enters  with a l ag  of two 



-10- 

periods, The following i s  the inventory equation: 

G A I 

where I i s  inventories, S is  f i n a l  sales of goods, and 0 i s  unfil led orders. 

The term i n  brackets i s  the equation for  fi+Ot,l [PPe 71, 73-7 
Change i n  inventories i s  thus determined by current sales and sa les  lagged 

one, two, and three periods. In the case of government purchases, we would 

expect inventories t o  be related t o  sales with a lead, as  i n  the Michigan model. 

D. Lovell: Factors Determinirq Manufacturing Inventory Investment 

A paper which expl ic i t ly  considers government obligations i s  tha t  of 

Michael Lovell, i n  [12J. 

obtains the following inventory change equation: 

Based on quarterly data from 1954 through 1960, he 

H t  = -4.01 - e 0 6 8 3  H t  - +e184 X t  +,02@AXt -e0158 

a Ut +.0112 Ut -.295 Et +.124 Obt, 

where H is  inventories of durable goods, X i s  sales  of durable goods, U i s  

unfi l led orders, E i s  defense expenditures, and Ob i s  defense obligations. 

L-P, 132J Defense obligations are seen t o  enter  positively; they are  a l so  

s t a t i s t i c a l l y  significant.  Unfortunately, Love11 did not report on longer lags. 

E. Ando-Brown: Commission on Money g& Credit Study - - 
The study most closely related t o  the present i s  the paper by Ando and 

Brown f o r  the CMC, r2J. 

tures  on a i r c ra f t s  and current output i s  small. 

months of expenditure did have coefficients t ha t  were s t a t i s t i c a l l y  s ignif icant ,  

and there  may be some evidence that advance payments t o  contractors are of 

some significance t o  a i r c r a f t  output." f-P. 14q The relationship between 

lagged obligations and output, on a quarterly basis, resulted i n  the following 

They report t ha t  "the relationship between expendi- 

The current and two preceding 
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equation: 

where Pt Quarterly average of Federal Reserve Board Index of Production i n  

period t; L-P. 1aJ The second 

and th i rd  quarter preceding tha t  f o r  which output i s  t o  be explained were 

Ot = Quarterly obligations i n  period t. 

considered s ignif icant ,  so tha t  a l ag  of nearly a year between obligations and 

output exists. Further experiwt&.$ on longer lags were not very satisfactory.  

The Ando-Brown paper thus presents important evidence on two of the e f fec ts  

which might be considered important from the discussion of the government spending 

process and the nature of the defense industries. It i s  concluded that lagged 

obligations explain output be t t e r  than do expenditures, but t ha t  recent expendi- 

tu res  have some ef fec t  on output, pointing t o  the possible importance of the 

industry's  dependence on the government f o r  working capi ta l .  Their conclusions 

are summarized i n  the following statement: 

"Even variations i n  ra tes  of procurement of defense items take a con- 
siderable period before they reg is te r  themselves i n  output. 
be more sensi t ive t o  contract awards than t o  actual  expenditure i n  the a i r c r a f t  
component of defense expenditure, the only one we examined. 
f o r  example, change output by only 20 percent of the contract by the end of s i x  
months, 55 percent by the end of three quarters, and are  nearly f u l l y  reflected 
i n  output change by the end of a year, This par t icu lar  case, however, can be 
a t t r ibu ted  t o  excess capacity i n  the industry. New products could be i n i t i a t e d  
only a f t e r  lengthly periods of research and would be expected t o  have lag0 of 
considerably greater length." B. lg 

Output appears t o  

Aircraft  contracts, 

The main differences between Aodc-Brown and the s t a t i s t i c a l  results t o  be 

reported upon i n  the following section are  the following: 

1. The absence of variables representing "announcement" e f fec ts  i n  the 

Ando-Brown paper. These may significantly a f fec t  the timing of changes i n  

output and employment. 
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2. The use of output ra ther  than employment data. It might be noted tha t  

the Federal Reserve reports that the monthly output se r ies  f o r  the a i r c r a f t  

industry i s  based on man-hours, with an adjustment f o r  value of output. 

P. 5 - g d  

resu l t s  are comparable. 

1 3 ,  
To the extebt tha t  our polynomial trend r e f l ec t s  price changes, 

3. The correspondence between Department of Defense Budget categories and 

SIC categories. 

present study, because of the f a c t  that  much of the country's missile production 

takes place i n  establishments c lass i f ied as  a i r c r a f t ,  attempts t o  adjust f o r  

t h i s  . 

Ando-Brown re la te  Budget Aircraft  t o  SIC a i r c ra f t ,  while the 

4. Ando-Brown work wi th  the period 1954-59, while the present study 

incorporates 1955-63. 

G. Summary 

The preceding discussion of several large-scale models of the U.S. 

economy indicated tha t  by and large these models do not appear t o  have accu- 

r a t e ly  portrayed the government sector with respect t o  purchases of mil i tary 

goods. 

and unfi l led orders are  be t te r  suited f o r  industries i n  which sales  are  made 

from inventories, and the adjustment mechanism operates through attempts t o  

control inventories. 

curement, however. 

occurs between orders and purchases. 

o r  unchanging portion of government purchases, inaccurate equations perhaps 

would not be crucial. 

t o  do with the time path of the economy as  changes i n  these procurement actions 

occur. 

i f  econometric models are t o  be helpful i n  evaluating al ternat ive courses of 

act ion which would tend t o  of fse t  major changes i n  procurement. 

I n  general, the equations developed t o  explain inventories, orders, 

This is  not the case f o r  large amounts of mil i tary pro- 

Many of these items are made t o  order, and a long time 

If mil i tary procurement were a small 

But some of the important uses of these models have 

An accurate description of the process i s  thus especially necessary 
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The discussion a l so  showed tha t  when obligations were -~xp l i e l t l y - fnc luded  

they e w r e  a8 aa i m g s m f  explrtaatary variahle.The empirical work discussed 

i n  the following section bears t h i s  out fo r  the aerospace industry expenditures 

and presents some new evidence on the importance of the "announcement" e f fec t .  

4. S t a t i s t i ca l  Results 

.. The prBViQU8 mct ions  have argued t h a t  models deaigned t o  snauZe 'he effects 

on employment of mil i tary procurement should incorporate announcement variables 

and new orders t o  obtain more accurate predictions of the time path of employ- 

ment. It has a l so  been pointed out that  many of the existing large-scale 

econometric models of the economy have not done so, and tha t  the small amount 

of empirical work which has recognized the role  of new orders has discovered it 

t o  be an important variable, 

of budget categories w i l l  be reported. 

gations f o r  the aircraft-missiles-astronautics budget categories (hereaf ter  

aerospace group), w i l l  be related t o  employment i n  SIC 372 and 19, a i r c r a f t  

and par ts ,  and ordnance and accessories, respectively; and budget category 

"Ships" w i l l  be associated with SIC 3731, shipbuilding and repairing. 

detai led description of the data may be found i n  the Appendix. 

I n  t h i s  section empirical work f o r  two groups 

Specifically, expenditures and obl i -  

A more 

Tables 1, 2, and 3 contain the resul ts  f o r  the aerospace industry of 

multiple regression analyses f o r  three dependent variables: 

production worker employment, and production workers times average weekly hours. 

Employment figures are i n  thousands of employees; man-hours are in thousands; 

and a l l  do l l a r  numbers are  i n  millions. The r e su l t s  are broadly s imilar  and 

are  discussed i n  the following paragraphs. 

t o t a l  employment, 
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1. Seasonal and time variables: Generally the seasonal variables a re  

not s ignif icant  individually, which lends support t o  the hypothesis tha t  

observed seasonality i n  the employnent se r ies  i s  be t t e r  explained by the 

seasonality i n  the obligations ser ies  than a constant seasonal pattern. 

F test performed on the group of seasonal dummy variables f o r  the t o t a l  worker 

regression proved t o  be insignif icant  a t  the 576 level.  

squared are  highly s ignif icant ;  the coefficient of time is  negative and tha t  

of time squared, positive. Over the range of i n  t h i s  study, however, the 

negative e f fec t  predominates and the net e f fec t  of time is  negative, although 

a t  a decreasing rate.  

of price changes and subcontracting patterns, t h i s  negative e f fec t  was ezrpected. 

A n  

Both time and time 

I n  view of the e a r l i e r  discussion of the l i ke ly  e f fec ts  

2. Expenditures and Obligations: The three s e t s  of regression coefficients 

reveal t ha t  current expenditures and obligations a re  not s ignif icant  explanatory 

variables of employment, but that lagged obligations a re  a l l  posit ive,  a l l  

greater  than t h e i r  standard errors ,  and 9 out of 12 coefficients i n  each 

regression are  s t a t i s t i c a l l y  significant.  

s ignif icant  casts  some doubt on the hypothesis t ha t  the industry i s  dependent 

upon the governrent f o r  i t s  working capi ta l  needs, but the importance of 

obligations i s  strongly reinforced. 

Brown, the e f fec ts  of obligations are fe l t  almost immediately ( the first lagged 

value i s  s ignif icant)  and ef fec ts  are f a i r l y  w e l l  spread out over the year, 

with a ra ther  sharp drop between the eleventh and twelfth coefficient.  

The f a c t  tha t  expenditures were not 

Contrary t o  the findings of Ando and 

3. Announcement effects: The coefficients of the unobligated appropri- 

a t ions and the budget variables are  s t a n t i s t i c a l l y  s ignif icant  i n  two of the 

three regressions, and posit ive,  though not s ignif icant ,  i n  the t h i r d .  

variables appear t o  exert  more effect on t o t a l  workers than on production 

workers, both i n  terms of the magnitude of regression coefficients and stan- 

dardized regression coefficients ( 8 ' s )  . 
managerial and research people whose employment may depend l e s s  on 

These 

Since t o t a l  workers include 



Table 1 

Aerospace Industries--Regression Analysis 

Dependent Variable: Total workers 
a 

b 
Independent Variable 

Seasonal Dummies: 
February 
March 
April 
MW 
June 
July 
A u g u s t  
September 
October 
November 
December 

t 
t2 
Current Expenditures 
Obligations--Current 

1 month lag 
2 month lag 
3 month lag 
4 month lag 
5 month lag 
6 month lag 
7 month lag 
8 month lag 
9 month lag 

10 month lag 
11 month lag 
12 month lag 

Unobligated Appropriations 
Budget 

Intercept  

Standard e r ro r  of estimate 
Degrees of Fresdciin 

Durbin-Watson statistic 

R* 

a. I n  thousands 

Coefficient 

06556 
21 . 1127 
10 .Ob75 
11.8130 
43 . 2230 
24 . 1764 
35 09255 
60 . 3828 
62.7813 
65 . 4592 
88.8696* 
-8.9091* . 0459 
.0054 

.0323* 

.0275* . 0210* 

.0271* 

.0303* 

.0305* 

- .0037 

00159 
.0185 

. 0306* 
,0168 

. 0081* 
805 8519 

07347 
34 06737 
72 

. 3068 

.0223* 

. 0348* 

. 0071* 

Standard Error 

25.84 

21 . 25 
27.41 

27.28 

31.50 
26.11 
33 e91 
33.88 
33.69 
39.51 
41.55 

9671 
.0061 
00112 
.0103 
0104 . 0104 
.0107 
.0108 
.0108 . 0106 
.0106 . 0106 
.0103 
.0104 
,0105 
.oog1 
0029 . 0029 

Beta 
_IC 

.0031 

.io06 

.0478 

.0563 

.2058 . 1215 . 1804 
3034 . 3154 
3289 
.446 

2.8220 . 1114 
-4.6461 

- .0836 
3253 . 2794 . 2111 
2730 
3076 . 3144 
,1608 
1876 . 2262 
3096 
3529 
1759 
5031 . 9044 

P a r t i a l  
Correlation 

.0030 
00909 
A556 
00507 . 1596 . 1085 
1239 
,2056 
.2145 
,1916 . 2444 
-07355 . 6611 
00573 - .Ob52 . 3434 
2985 . 2262 . 2850 . 3148 
3221 
1752 
2019 . 2466 . 3264 . 3649 
2120 . 2175 
3091 

b. 

* 
A l l  money amounts are  in m i l l i o n s  of dol lars ,  

Significant a t  the 5 percent level.  
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Table 2 

Aerospace Industries--Regression Analysis 

Independent Variable 

SeaeaneS D W e 6 :  
February 
March 
April 
M a y  
June 
July 
August 
September 
October 
November 
December 

t 
t2 
Current Expenditures 
Obligations--Current 

1 month lag 
2 month lag  
3 month l ag  
4 month lag  
5 month lag 
6 month lag 
7 month lag 
8 month lag 
9 month lag 

10 month lag 
11 month lag 
12 month lag 

Unobligated Appropriation s 
Budget 

I n  t e  r c  ep t 

Standard e r ror  of estimate 
Degrees of Freedcm 

Durbin-Watson s t a t i s t i c  

R2 

a, I n  thousands 

Coefficient 

- 02856 . 1060 
02955 
1698 
.2422 
.6452 
1562 

0 3679 
,4207 
,4307 
6097 

-8 2397* 
0346* 
0040 

0240* 
.0205* 
.0149 
.0191* 
.0218* 
00213* 
.0094 
00119 
.0158* 
022w 
0267* 
.0131* 

.0056* 

568.0707 

- .0023 

.0046* 

e 9238 
25 -3485 
72 

.3501 

Standard Error 

18 93 
19.98 
15.56 
20.07 
23 a07 
19 . 12 
24.83 
24.81 
24.67 
28 94 
30.43 
07083 
.0045 . 0082 
0 0075 
.0076 
0076 
,0078 
m79 
00079 
0077 
0077 
.0078 
0076 . 0076 
00077 . 0067 
.0021 
0022 

Beta 

- .0100 
.0103 
00059 
.O844 
02-37 
A574 
1352 
.1546 
.1583 
.2241 

-3 0 1437 
105590 
0600 - 00379 
1769 

0 1097 . 1409 
.1619 
1605 
.0696 
0880 

e 1175 
.1643 
0 1978 
.lo05 
2416 
e4572 

00369 

b 1525 

P a r t i a l  
Correlation 

9,0178 
.0624 
.0224 
00100 
1228 

0 0397 
00739 
1722 
1970 
.1728 . 2298 - .8079 
0 6725 
00575 - ,0360 
3479 

0 3036 
2197 
2754 

0 3098 . 3084 
.1423 
1776 
2394 

0 3235 
0 3794 
2254 . 2506 

e 2932 

b. 

* 
A l l  money amounts are i n  millions of dollars. 

Significant at  the 5 percent level. 
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Table 3 

Aerospace Industries--Regression Analysis 

Dependent Variable: Production worker monthly man-hours 

b 
Independent Variable Coefficient Standard Error Beta 

Seasonal Dunrmies: 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

t 

Current Expenditures 
Obligations--Current 

t 2  

1 month lag 
2 month lag  
3 month lag 
4 month lag 
5 month lag 
6 month lag  
7 month lag  
8 month lag 
9 month lag 

10 month lag 
11 month lag 
12 month lag 

Unobligated Appropriations 
Budget 

-117 4075 
167 . 2887 
-256 . 6500 
-347 . 5373 
147 . 2898 
-127 6783 
687.8603 
807.6806 
894.8415 
153 00373 
-356.9214* 

1 . 6258* - .0001 
.0002 
1.077H 
.9303* 
.632?* . 7840* . 8744* . g448* . 5929 . 679m 
.7571* 
.8686* . 9021* 
A546 . 0845 

-797 1213 

1353 

In t e r  c ep t  25,279,4280 
R2 .9272 
Standard e r ror  of estimate 1,045.1086 
Degrees of Freedem 72 

Durbin-Watson s t a t i s t i c  . 3708 

780 . 3 
823 07 
641.7 
827.5 
951.2 
7as. 5 
1024 0 
1023 .o 
1017 .O 

1254 . 0 
29.2 

1193 0 

. 1852 
3378 

. 3140 

.3134 

.3220 
3245 . 3248 . 3193 
3190 
3197 
3122 . 3148 
-3161 
.2760 
.0872 
.0889 

3100 

a. I n  thousands 
b. A l l  money amounts are i n  millions of dollars. 

- 00097 
.0138 - .0212 - .0287 
,0122 - 00695 - .0111 
,0600 
.0704 
.0780 
.I334 

-3 + 2292 
1.7354 - 00389 
.0601 . 1884 . 1637 
1369 
-1541 . 1688 
1037 . 1193 
1331 . 1527 . 1586 
.0824 . 1043 . 2615 

1103 

P ar t i  a1 
Correlation 

- 00177 
00239 - .Oh71 - . 0494 
,0182 - 1183 
-.0147 
00790 
00932 . 0881 . 1423 - . 8215 
07190 - .0382 
00583 
.3748 
.3302 . 2256 
2739 
3024 
3293 
2140 . 2429 . 2748 
3092 
.3188 . 3.905 . 1135 
.1766 

* Significant a t  the 5 percent level. 
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ac tua l  production contracts than on the preparation of proposals t o  the defense 

department based on expectations about the amount of subsequent production 

contracts, t h i s  r e su l t  is  consistent with a priopiexpectations. 
A 

The Rc are  quite high, ranging from .73 t o  ,93, and are  highest f o r  the 

production workers and the production man hours equations. 

s t a t i s t i c  appears t o  indicate some degree of posit ive s e r i a l  correlation of the 

residuals,  although the published tables do not contain en t r ies  f o r  the number 

of independent variables used i n  these regressions. 

The Durbin-Watson 

Several other s e t s  of regressions were t r i e d  with lack of success. 

f irst  used outstanding obligations, lagged up t o  s i x  months, as  independent 

variables. 

The 

2 They were not s t a t i s t i c a l l y  s ignif icant  and yielded low R . Another 

s e t  of regressions used the data 

models similar t o  those reported 

with s t a t i s t i c a l l y  insignif icant  

i s  no doubt due t o  the large and 

f o r  the shipbuilding industry t o  estimate 

above. The r e su l t s  were quite disappointing, 
2 coefficients and low R Much of the trouble 

6 
changing c iv i l i an  component i n  the employment. 

The importance of considering the e f fec ts  of announcement and obligations 

variables on employment is  i l lus t ra ted  i n  Table 4 and Figure 1. Three d i f fe ren t  

models are  used t o  generate the employment e f f ec t s  of the following postulated 

se r i e s  of events: $1 b i l l i o n  i s  added t o  the budget and included i n  an appro- 

pr ia t ions  b i l l  passed i n  August; a contract fo r  tha t  amount i s  l e t  i n  September, 

and delivery takes place the following September. Model I u t i l i z e s  the coef- 

f i c i e n t s  from a model which includes ennouncement e f fec ts  and obligations. 

6According t o  (18 p.23), the 1958 portion of mil i tary output (according t o  
value of output) f o r  shipbuilding and repairing industry was 6146. 
Survey of Manufactures data reveals tha t  the proportion of mil i tary ship- 
building has fluctuated from about t h i r ty  per cent t o  over f i f t y  per cent. 

Further, 
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Model I1 is based on a regression which contains the obligations variables,  

but not the announcement variables. 

e f f ec t  takes place a t  the time of delivery as assumed i n  several of the econo- 

metric models discussed above, 

Model I11 assumes t ha t  the en t i r e  employment 

Model I accounts f o r  a greater  total  of employment than Model I1 and 

displays a rather d i f fe ren t  time pattern. 

is assumed t o  occur, the announcement variables have already generated 17$ of 

the t o t a l  employment. 

remains above that accounted f o r  by Model I1 f o r  the whole period, Both Model 

I ' and  11, of course, predict  a time rather qui te  d i f fe ren t  from that suggested 

by Model 111. 

By September, when the obligation 

The percentage of employment accounted f o r  by Model I 

5. Conclusions 

It will be convenient t o  consider the main conclusions of t h i s  study i n  

four parts: empirical description of the mil i tary procurement process, impli- 

cations f o r  econometric models, data needs and ava i lab i l i ty ,  and direct ions f o r  

fur ther  research . 
A. Empirical Description of the Military Procurement Process -- 

Based on the description of the government spending process and the regres- 

sions f o r  the aerospace industry, it is c lear  tha t  an important role i s  played 

by the obligations variables,  Beginning wi th  a one-mooth l ag  they exert  an 

important influence f o r  a year. I n  addition, evidence has been presented t o  

indicate that two proxies for announcement effects-budget and unobligated 

appropriations--have substant ia l  impacts on employment. 

Time trend variables, acting as proxies f o r  factors  such as changes i n  the 

amount of employment in the SIC employment category associated with the 



4 



k 
k 

.. ._ 

I I BR I I 1 



-22 - 

corresponding budget category, proved t o  be highly s ignif icant .  

dummies, however, were not significant.  

Seasonal 

Expenditures were not a s ignif icant  

explanatory variable, contrast  t o  the findings of Ando and Brawn. 

th i s  was due t o  differences i n  industry correspondence, time period covered, 

o r  estimation of expenditures was not investigated. 

Whether 

Unfortunately, similar regressions fo r  the ahip industry resulted i n  
2 

unsatisfactory coefficients and low R . 
signif icant  and varyirg non mil i ta ry  demand i n  the industry. 

f a c t  t ha t  different  resu l t s  were obtained with the two industr ies  a l so  suggests 

t ha t  some degree of industry disaggregation should be employed t o  obtain more 

accurate estimates of employment impacts. 

This result was a t t r ibu ted  t o  the 

However, the 

Implications f o r  Bconometric Models - - 
The implications f o r  exis t ing and planned econometric models are clear: 

there are apparently important employment (and income) e f f ec t s  associated with 

announcements end obligations. Variables representing these e f fec ts  should 

be included among the exogenous variables. Further, models which incorporate 

series on new or unfi l led orders should recognize that part of these series- 

especial ly  orders f o r  mil i tary procurement--are exogenous t o  the system. 

are under the control of the government, and should enter  the model i n  such a 

They 

w a y  as t o  f a c i l i t a t e  study of t h e i r  Upacts on variables of in te res t .  

C. Data Needs -- 
A few changes would seem f a i r l y  inexpensive 8pd quite useful; these include 

breaking up the "ordnance, vehicles and related equipment" category in to  indi-  

vidual categories and publishing expenditures data on a gross basis. The 

former would permit a closer  correspondence between employment and budget 

categories; the lat ter would provide a be t t e r  estimate of amounts paid t o  business. 
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4 

It would a l so  be desirable fo r  other agencies of the government, par t icu lar ly  

GSA, NASA and AEC t o  release similar information on monthly obligations, w i t h  

care being taken tha t  they are  not also counted i n  the Department of Defense 

series when contracts are placed through the latter. 

While on the subject of data, it might be noted tha t  a study f o r  the 

Jo in t  Economic Committee en t i t l ed  "A Federal S t a t i s t i c s  Program f o r  the 1960's" 

( 

on i t s  list of directions f o r  improvement. 

D. Further Research 

19 ) does not include an improved ser ies  covering government obligations 

Given the present data avai labi l i ty ,  I do not think tha t  the procedure 

followed i n  t h i s  paper can be applied t o  other industries.  

data  should become available, such studies would be quite valuable. 

direct ion f o r  research would be t o  complete the  description of the spending 

process by constructing models which re la te  expenditures and government pur- 

chases t o  lagged obligations and other variables. 

If appropriate 

Another 

An important area f o r  research, not touched upon i n  t h i s  paper, i s  the 

question of economic impacts on part icular  regions. 

present study has contributed t o  th i s  problem by pointing out the stage a t  

which impacts are l ike ly  t o  occur. 

more detai l  on the occupational mix of employment might be investigated. 

noted above, there appears t o  be differences i n  the behavior of t o t a l  employ- 

ment and production worker employment. 

development obligations become available, these differences might be useful 

f o r  studying the dynamics of the demand f o r  engineers and sc ien t i s t s .  

It is hoped tha t  the 

Again i n  the direct ion of disaggregation, 

A6 .. 

As longer series on research and 
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Appendix 

The purpose of t h i s  appendix is t o  provide the sources of the data and the 

various adJustments made. 

1. Industry Correspondence1 

The following correspondence was establishes between the budget categories 
* 

used by the Department of Defense and the Standard Indus t r ia l  Classification used 

4 f o r  the employment data: 

Industry Name - Budget Categoriesa Standard Indus t r ia l  
Aircraft  Aircraft  and Parts (372) 

Aircraft-Missiles Missiles 

Ships ships 

Ordnance and Aces- 
sor ies  (19) 

Shipbuilding and 
Repairing ( 3731) 

a. 
the "Monthly Report on Status of Funds by Functional Title." 
were somewhat different .  

These Budget categories are  the t i t l e s  used i n  the most recent issues of 
Ear l ie r  years t i t les 

Work on Missiles is divided between the a i r c r a f t  and par t s  industry and 

the ordnance and accessories industry. It was not possible t o  include the en t i r e  

ordnance budget c lass i f icat ion,  since i n  most recent years ordnance has been 

par t  of "Ordnance, vehicles, and related equipment. 'I Using th i s  category would 

make it necessary t o  include the motor vehicles and par ts  industry employment 

category t o  pick up the vehicles component of the budget category, but this  would 

involve including the c iv i l ian  component of the industry as  well, I n  t h i s  case, 

of course, the c iv i l i an  component would dominate the data. 

2, Employment, Hours, and Earnings 

These data were obtained from "Employment and Earnings, 1909-1961." El] 

and current issues of the same publication. The variables are not seasonally 

adJus ted . 
1. This correspondence was established wi th  the aid of Professor M. L. Weidenbaum, 
and i s  based on-Census work sheets for  industry classi f icat ion.  

A - 1  
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. 

3. Budget 

The budget amounts are  taken from the United States Budget f o r  various 

years. 

study and the Budget categories i s  easi ly  established. 

case of the Army budget, which f o r  several years uses the category "Ammunition 

and Guided Missiles." 

Generally, the correspondence between the DOD categories used i n  t h i s  

A n  exception is  the 

. 
The portion included i n  missiles was taken t o  be the 

4 percentage of obligations f o r  missiles and ammunition going t o  missiles fo r  

the year i n  question applied t o  the t o t a l  budgeted amount f o r  missiles and 

ammunition. 

4. Expenditures, Obligations, Unobligated Balances, Unpaid Obligations 

The main source f o r  these variables i s  the Department of Defense monthly 

release,  "Monthly Report on Status of Funds by Functional Title." 

taken are those f o r  "Military Functions." 

Amounts 

. a  * .  * 

A. 

ment agencies (Mutual Defense, NASA, etc.)  fo r  whose account the Defense Depart- 

ment placed contracts. In an e f f o r t  to  arr ive a t  a gross expenditures amount, 

which more accurately re f lec ts  payments t o  industry, a correction was added t o  

expenditures. 

obligations a t  the beginning of the year plus current obligations minus net 

expenditures. 

the beginning of the next year, and the difference i s  assumed t o  be the amount 

by vhich gross expenditures have been misstated. 

is  added t o  each month. 

and R&D 1960. 

The amounts shown for  expenditures are net of receipts  from other govern- 

1 

This correction was obtained by taking, f o r  each year, outstanding 

The resul t ing figure i s  compared with outstanding obligations a t  

One-twelfth of the difference 

This correction was not possible f o r  procurement 1954 

1. Thanks t o  M r .  Sheldon Taylor of the Department of Defense f o r  explaining 
the in t r icac ies  of t h e i r  accounting procedures. 
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B. Obligations data are  taken d i rec t ly  as  published i n  the Status of Funds 

Report. .. 

C. Status of Funds reports unobligated balances a t  the beginning of the year. 

This i s  diminished monthly by current obligations and then replenished by the 

annual appropriations. 

appropriations b i l l  is  reported out of the Joint  Conference. 

are  derived by deducting end of f i s c a l  year uncommitted obligations from uncom- 

This l a t t e r  amount i s  added i n  the month tha t  the 
t 2 Appropriations 

mitted obligations f o r  the beginning of the next f i s c a l  year. These estimates 

w i l l  include some minor accounting adjustments i n  addition t o  appropriations. 

2. Although the appropriations b i l l s  do not become l a w  u n t i l  signed by the 
President, I assume tha t  the "announcement" e f fec t  operates a t  the t i m e  the 
b i l l  i s  reported out of the Jo in t  Conference f o r  two reasons: first,  the signing 
of the b i l l  follows by a f e w  days, so that  it does not make very much difference; 
second, it is  extremely unlikely t ha t  the b i l l  w i l l  be vetoed, so  t h a t  the b i l l ' s  
being reported out of the Joint  Conference is tantamount t o  approval of the 
appropriations. 
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